colonization by a species of vesicular-arbuscular mycorrhizae (VAM), and species of VAM influenced root nodulation by strains of Bradyrhizobium in pot experiments. In a field experiment, the effects of VAM on competition amongst inoculated bradyrhizobia were less evident, but inoculation with Bradyrhizobium strains increased root colonization by VAM. Certain VAM/Bradyrhizobium inoculum strain combinations produced higher nodule numbers. Plants grown without Bradyrhizobium and VAM, but supplied with ammonium nitrate (300~tgm1-1) and potassium phosphate (16 ~tg ml-l), produced higher dry-matter yields than those inoculated with both symbionts in the pot experiment. Inoculation with either symbiont in the field did not result in higher pod and haulm yields at harvest.
Many legumes benefit from the symbiotic association with bradyrhizobia and with VAM. In this tripartite association, the symbiotic partners interact with each other. Nodules formed by bradyrhizobia on legumes fix atmospheric N2, while the major role of VAM is aiding plant nutrition, mainly by improving phosphate uptake (review by Hayman 1986 ). The extraradical VAM fungal hyphae are broadly analogous to extra root hairs that increase the volume of soil exploited for nutrients. By improving the P status, the VAM indirectly enhance the N status of the legumes (Hayman * ICRISAT Journal Article No. 886 Offprint requests to: P.T.C. Nambiar 1986). The benefits of VAM are mainly observed on plants grown with insoluble P sources, such as rock phosphate. Benefits from inoculation with VAM and bradyrhizobia have been reported in many legumes (Daft and E1-Giahmi 1976; Smith and Daft 1977; Bagyaraj et al. 1979; Azcon-Aguilar et al. 1982; Parvathi et al. 1985; Hayman 1986; Karunaratne et al. 1987; Subba Rao and Krishna 1988) . Inoculation with strains of bradyrhizobia have increased groundnut yields under certain circumstances. Inoculation with one strain, NC 92, has increased groundnut pod yields in many trials. However, inoculation with another strain, NC 43.3, did not, although strain NC 43.3 showed a greater N2-fixing efficiency in glasshouse experiments and formed a similar percentage of nodules to that formed by NC 92 in the field in competition with native bradyrhizobia (Nambiar 1985) . Inoculation with VAM species has also increased pod yields in fields (ICRISAT 1987) . We examined the effect of these symbionts on each other in a pot experiment and in field experiments, in order to study competition among strains of Bradyrhizobium and VAM for groundnut (Arachis hypogaea L.) root infection, to determine the effects of both symbionts on plant growth, and to assess the usefulness of dual inoculation in the field is a viable strategy. corrhiza (Table 1) were obtained from D.J. Bagyaraj (University of Agricultural Sciences, Bangalore, India) and from A. S. Rao (Nagarjuna University, Guntur, India). The VAM species were multiplied on Chloris gayana, grown in pots containing a mixture of soilrite and perlite (1 : 1), and inoculated as described by Sreenivasa and Bagyaraj (1988 a, b) . The bradyrhizobia were inoculated at the rate of l0 s cells seed -1, and the VAM at 50 spores pot -l .
Pot experiment. The plants were grown in a glasshouse at temperatures of 28 ° + 4 °C and 23 +_ 4 °C day and night, respectively. The medium used was a sterilized mixture of soilrite and perlite (Sreenivasa and Bagyaraj 1988a) , at the rate of 500g in a 15-era diameter pot, and incorporating rock phosphate (5 g k g -1 of soiMte/perlite). The plants were supplied with a nutrient solution as described by Nambiar et al. (1983) , except that no P was included. Other growth conditions were similar to those described by Nambiar et al. (1987) . Eight seeds were sown per pot, which were thinned to three plants soon after emergence. Nine strains of VAM and one control P treatment were tested with two N-source treatments (Tables 1 and 2 ). Under the first treatment, seeds were inoculated with the following Bradyrhizobium strains: (1) A mixture of NC 92 and NC 43.3; (2) a mixture of NC 92 and three native strains (FB 103, FB 105, and IC 6012) ; and (3) a mixture of NC 43.3 and three native strains (FB 103, FB 105, and IC 6012 ; all mixtures contained 106 cells per seed of each strain). The second N-source treatment comprised plants grown without a source of symbiotic N but with mineral N only, supplied as a m m o n i u m nitrate (300 ~tg m l -1). This was the control treatment. The treatments were arranged in a factorial design, with four replications. The volumes of nutrient solution added to each pot were: 100 ml until 10 days after sowing; 200 ml until 20 days after sowing; 300 ml until 30 days after sowing; 400 ml until 40 days after sowing; and 500 ml until 50 days after sowing. The plants were harvested 50 days after sowing. The cultivar used was Robut 33-1.
FieM experiment.
Two field experiments were conducted in Alfisol fields. Chemical properties of Alfisols at the ICRISAT Center, in general, are pH 6.3, organic C 0.62°70, total N 0.06°70, total P 140 mg k g -1 soil, and NO 3 1.7 mg k g -1 soil. All plots were fertilized with 40 kg ha -1 P205 as single superphosphate. The indigenous rhizobial population in these soils was 104 to 105 cells g I dry soil (by most probable number counts). Each plot comprised a 1.5-m bed with four rows 30 cm apart and plants spaced at 10 cm within the rows. Other growth conditions were as described earlier (Nambiar et al. 1984a) . Inoculants, using 7-iradiated peat as a carrier, were used in these experiments. The inoculum was prepared by thoroughly mixing the peat in water (0.7 g litre-1) and pouring the mixture below the seed ( 4 -5 ml seed -z) into the furrow, to give a m i n i m u m population of 106 cells seed -1. Uninoculated plots, nodulated by the native Bradyrhizobium population, served as a control. In the first experiment, which was conducted during the 1986 rainy season, five genotypes (Robut 33-1, JL 24, J 11, PI 259747, and NC Ac 2821) inoculated with three strains of bradyrhizobia (NC 92, NC 43.3, TAL 176 , and a non-inoculated control) were tested in a factorial design. The seeds were sown on 23 June 1986, and the plants were sampled 60 days after sowing and harvested on 20 October 1986. In the second experiment, tests were conducted during the 1986-1987 postrainy season on the nine strains of VAM and two strains of bradyrhizobia, with non-inoculated control treatments for both symbionts. The treatments were arranged in a split-plot design with strains of mycorrhiza as the main plot and strains of Bradyrhizobium as the subplot; there were four replications. The genotype used was Robut 33-1. The plants were irrigated during the postrainy season at intervals of 7 -1 0 days, and were regularly sprayed for protection against insect pests. The crop was sown on 2 December 1986; the plants were sampled 70 days after sowing and harvested on 6 April 1987.
Observations. The nodules were separated and 50 nodules per treatment were typed for the idenity of the nodulated strain by enzymelinked immunosorbent assay as described by Nambiar et al. (1984b) . The roots were stained with 0.1% trypan blue, and the percentage of roots infected with mycorrhizae were recorded as described by Phillips and Hayman (1970) . The N and P contents in plant tissues were determined by Technicon (Autoanalyser II, industrial method 218-72 A, 11, Technicon Industrial Systems, Tarrytown, NY 10591, USA).
Statistical analysis.
The results were analyzed using conventional techniques. Wherever necessary, the data were transformed to the arcsine variable for the analysis of variance. All results were tested for significance at the 5% level of probability. Gigasporaspp. inoculated with NC 9 2 + N C 43.3 colonized 89% roots, but produced only 4 g dry matter plant -1, whereas Glomus monosporus inoculated with NC 43.3 and local strains colonized only 7°70 roots, but produced 5.8 g dry matter plant -I (Tables 1  and 2 ).
Effect of bradyrhizobia and VAM on competition:
Strains of VAM significantly influenced nodule formation by strains of Bradyrhizobium. In the absence 
Effect of Bradyrhizobium strains on VAM infection.
In some instances, a higher root colonization by VAM was observed in the plants supplied with ammonium nitrate supplied than in the nodulated plants. Root colonization by Gigaspora spp. was significantly higher (72°70) in the presence of NC 92 mixed with local 
Effect of VAM on nodulation.
Apart from their effect on the competitiveness of individual Bradyrhizobium strains, the VAM strains also influenced the total number of nodules formed on each plant (Table 4) Bradyrhizobium-VAM combinations gave N levels comparable to those in the plants supplied with ammonium nitrate, but the P level was high in all soluble-P supplied plants, the highest being in those inoculated with mixtures of strains NC 92 and NC 43.3 (Tables  5 and 6) .
Field experiments
Pod and dry-matter yields. In both field experiments, inoculation with VAM, alone or in combination with Root colonization by VAM. Inoculation with strains of bradyrhizobia had a marked effect on the VAM root colonization. It was not possible to differentiate colonization by native mycorrhizae and by inoculated VAM strains. Glomus monosporus inoculated with NC 43.3 gave 51°70 root colonization, but Glomus monosporus inoculated with NC 92, or without any added Bradyrhizobium inoculant, gave only 29°7o and 24°70 root colonization, respectively (Table 7) . Inoculation with strain NC 92 resulted in better root colonization by native VAM (45 °70 compared to 31% non-inoculated). This specificity was more evident in a second field experiment when four genotypes were tested. Since the genotype mean and genotype x Bradyrhizobium mean interactions were not significantly different, the means of four genotypes only are presented (Table 8) . Inoculation with strain NC 92 increased root colonization by native VAM to 72%, while only 48°70 of the roots were colonized by VAM without additional Bradyrhizobium inoculation.
Nodules formed by bradyrhizobia. Both the Bradyrhizobium strains tested, NC 92 and NC 43.3, formed less nodules in the field (24%-33°7o) compared with pots when mixed with three isolates from similar fields (Table 9). The influence of inoculated VAM strains on the percentage of nodules formed by the inoculated Bradyrhizobium strain was only marginal. But inoculation with specific combinations of both symbionts under certain combinations increased the total number of nodules (Table 9 ; e.g., Gigaspora calospora (B) ICR and Glomus macrocarpus (local) inoculated with NC 92 and Gigaspora calospora (Nedlands) inoculated with NC 43.3).
Discussion
Plants grown without Bradyrhizobium inoculation and without mineral N showed stunted growth and started defoliating around 25 days after sowing; these were not included in the final observation. The results were similar when the plants were not supplied with any source of P.
The application of ammonium nitrate increased dry matter production threefold, but the N concentra- from different parts of the world. In these, as well as in many other experiments conducted earlier (P. T. C. Nambiar and V. Anjaiah 1986, unpublished data) plants supplied with ammonium nitrate consistently grew better than those inoculated with the most efficient Bradyrhizobium strain. In contrast, in the field, the application of fertilizer N even at 200 kg N ha -1 did not significantly influence the growth and yield of this groundnut cultivar, Robut 33-1 (Nambiar et al. 1986) . The difference between the root growth of potted plants and that of plants grown in the field, and the difference in the availability of nutrients and water could result in a variable nutrient uptake, but it is difficult to account for such a high level of variation between the pots and the field. The three most effective Bradyrhizobium strains from these fields were also included in the pot experiment, but the plants inoculated with these strains also grew poorly compared to those supplied with ammonium nitrate. There were no significant differences in N content. Total N and P uptake is well correlated with plant growth in pot experiments (r 2--0.98 for N and r 2 = 0.85 for P; Fig. 1 ). The total nodule number and plant growth (excluding values for the ammonium nitrate treatment) were poorly correlated (r 2 = 0.27), mainly because of the interference from P sources. In earlier pot experiments when only N was the limiting factor, we observed a high correlation between nodule numbers and plant growth (Nambiar et al. 1983 ). This indicates that even if the number of nodules is increased as a result of Bradyrhizobium inoculation, under P-limiting conditions this may not result in better plant growth and yield.
Concentrations of N and P in the plants were influenced by VAM and the P status, and by the Bradyrhizobium and ammonium nitrate treatments. In the Bradyrhizobium treatment with mixtures of NC 92 and NC 43.3, there was a higher P uptake by the Psupplied plants, but this was not reflected in the dry matter; this high P uptake represents either luxury consumption or differences in metabolism under different nutritional conditions.
Species of VAM differ in their root colonization abilities and this is well documented (Hayman 1983) . Strains of bradyrhizobia influence this process. Hicks and Loynachan (1987) observed that while the inoculation of soybeans with Glomus mosseae did not alter the competitiveness of Bradyrhizobium strains USDA 123 and USDA 110, P fertilization influenced the nodule occupancy of the native Bradyrhizobium strains in the field. They also observed that the relative competitive abilities of the two Bradyrhizobium strains were unrelated to the level of infection by Glomus mosseae in a glasshouse experiment. Ames and Bethlenfalvay (1987) observed that neither VAM nor P application affected the competitive interaction by bradyrhizobia for nodule formation on cowpea roots. Contrary to these reports, we observed that VAM strains influenced the competitiveness of Bradyrhizobium strains, and that Bradyrhizobium strains also influenced the root colonization by VAM.
Several Bradyrhizobium inoculation trials have been conducted in fields at the ICRISAT center (Nambiar 1985) , and in none of these experiments have we observed an increase in the number of nodules as a result of Bradyrhizobium inoculation. However, the data presented here indicate that under certain combination of VAM and Bradyrhizobium inoculation, the total number of nodules was higher on plants grown in the inoculated plots. The metabolic processes in the rhizosphere are complex, and interactions between the symbiont and the host plant could influence the recognition, infection, and establishment of effective symbioses. The magnitude of these interactions could be large when the total microflora in the rhizosphere is considered. Ames et al. (1984) studied changes in rhizospheric bacterial populations in mycorrhizal and non-mycorrhizal roots, and observed that populations of only one bacterial isolate were significantly increased by the presence of Glomus mosseae. Krishna et al. (1984) reported an antagonistic interaction between a VAM fungus and an actinomycete. There are several other reports on similar interactions (Barea et al. 1975; Azcon et al. 1976; Bagyaraj and Menge 1978) . These factors will influence experiments designed to test responses to inoculation in different lo-cations and will make it difficult to explain any inconsistencies in yield responses. However, we have observed no significant responses to inoculation in the yields of field experiments.
